RNAs have been attractive candidates to transmit epigenetic information over multiple generations. In Tetrahymena, a new study demonstrates that the selective degradation of small RNAs that occurs by interaction with the parental genome can communicate altered patterns of heterochromatin formation and DNA elimination in offspring.
If your father smoked as a teenager, could it affect your health? Can the diet of your parents, or even grandparents, influence how long you live? Transgenerational epigenetic inheritance refers to the cases in which exposures in previous generations alter phenotypic outcomes in subsequent generations. Although intriguing examples of this mode of inheritance exist among all eukaryotes, the prevalence of this phenomenon, and mechanisms that communicate previous exposures, remain unclear [1, 2] . Studies in ciliated protozoa have repeatedly revealed insights into mechanisms underlying epigenetic inheritance [3] . In this issue of Current Biology, Noto and Mochizuki [4] , working with the ciliate Tetrahymena thermophila, show that altered patterns of programmed DNA elimination are inherited by future generations, and that this phenomenon is mediated by selective degradation of germ line-derived small RNAs upon their interaction with the parents' somatic genome. So as Tetrahymena offspring remodel their genome during development, their parents, using RNAs, guide the outcome.
Although they are unicellular, ciliates behave genetically much like multicellular organisms, possessing separate germ line and somatic copies of their genome; however, these copies are compartmentalized into different nuclei (called micro-and macronuclei, respectively) within the same cell rather than in separate cell types (Figure 1) . Macronuclei carry the genome equivalent of somatic cells as they provide all gene expression in the current generation but do not contribute their DNA to the next. Micronuclei do not express genes, simply serving to transmit the organism's DNA to its offspring.
Micro-and macronuclei divide autonomously through vegetative cell division, but have very different fates during sexual reproduction. Tetrahymena mate via conjugation, and pairing of cells induces meiosis of micronuclei to produce haploid nuclei in each partner. This intracellular gametogenesis ends with selection of one meiotic product in each partner to undergo mitotic division producing gametic nuclei that are used to cross-fertilize partners. The fusions between the migratory and stationary nuclei create zygotic nuclei in each partner that go on to divide mitotically to produce precursors that differentiate into the new somatic macronuclei and germ line micronuclei; concurrently parental macronuclei degrade.
Post-zygotic differentiation of the somatic macronucleus includes genomewide DNA elimination of one-third of the germ-line derived DNA from 12,000 loci [5] . The removal of these germ linespecific loci, called internal eliminated sequences (IESs), is very accurate and consistent across generations. However, if the pattern is altered by placing an IES into the somatic genome, the elimination of the homologous IES from the somatic genome in the next and future generations is blocked, a clear example of transgenerational epigenetic inheritance [6] .
IESs are targeted for elimination by developmentally programmed heterochromatin formation that is guided by small RNAs [7] . The targeting small RNAs are generated in micronuclei during meiosis. It is believed that this pathway is the evolutionary equivalent of those that silence transposable elements such as the Piwi RNA pathway of animals [8] . Tetrahymena just takes silencing one step farther, eliminating newly established heterochromatin using a domesticated transposase, Tpb2, to excise the targeted loci from somatic nuclei [9] .
Although the targeting small RNAs produced from the germ line largely match IES loci, some match loci that are retained in the somatic nucleus [10] . Why don't these direct DNA elimination? During pre-zygotic development, the parental genome is still present in each mating partner, and the small RNAs, bound to the Tetrahymena Piwi1 (Twi1) protein, are transported into the parental macronucleus where they are believed to scan the genome for matches; those that find a match are degraded [11] . This scanning process serves to proofread an otherwise sloppy production of small RNAs during meiosis. Later in development, the non-matching small RNAs migrate to the developing somatic nuclei and target heterochromatin formation.
To demonstrate that small RNAs scan the parental genome and get selectively degraded through this interaction, Noto and Mochizuki placed specific IESs, normally found only in the germ line, into the parental somatic genome and monitored the levels of small RNAs matching the introduced sequences. Indeed, they observed that these introduced sequences caused a precipitous decrease in the levels of the small RNAs that matched them, which ultimately resulted in the homologous IES being retained in the macronucleus of the offspring; a finding that lends conclusive R702 Current Biology 28, R695-R717, June 18, 2018 ª 2018 Elsevier Ltd.
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Dispatches support for originally naming these small RNAs scan RNAs [11] .
In addition to showing that an ectopic sequence placed in the parental somatic genome can degrade homologous small RNAs and trigger failure of DNA elimination, the authors tested the reciprocal possibility that loci normally retained in the somatic genome but which still match abundant small RNAs would be eliminated if scanning does not occur. The authors monitored small RNA levels of mutant cells that lacked the EMA1 RNA helicase, a protein these authors had previously implicated in the scanning of the parental genome [12] . Indeed, small RNAs produced during gametogenesis that match noneliminated sequences were degraded in wild-type cells but not in EMA1 mutants, which, in mutants, resulted in ectopic DNA elimination of these loci in the offspring [4] .
Together, their findings demonstrate that small RNAs communicate sequence-specific information between the parental germ line genome where they are made and the parental somatic genome, and ultimately guide the development of the offspring's somatic genome (Figure 1 ). If RNAs mediate transgenerational inheritance, they need to move between parental and zygotic genomes and elicit an outcome while acting in trans, which is exactly how scan RNAs operate.
RNAs have always been attractive candidates to transmit heritable information over multiple generations. They, by their very nature, carry sequence-specific information. Furthermore, mechanisms exist that promote their amplification long after their initial synthesis. In both worms and plants, RNA-dependent RNA polymerases coupled with cleavage of double-stranded RNAs by Dicer-like ribonucleases are known to amplify small RNA populations [13, 14] . In flies and other animals, the ping-pong cycle of RNA cleavage by Piwi/argonaute proteins boosts small RNA populations that silence transposable elements [15] . Amplification also occurs in ciliates. In Paramecium, circular concatenation of excised DNA segments produces templates for generating secondary 'iesRNAs' [16] . In Tetrahymena, primary scan RNAs are amplified in the differentiating somatic nuclei by the Piwirelated Twi11 protein [17] . For RNAs to transmit information transgenerationally, they likely need amplification to overcome dilution or degradation before the next production of offspring. For epigenetic inheritance patterns to be truly classified as transgenerational, the information needs to be carried through the germline after the exposure inducing the phenotype is gone. DNA elimination patterns can be transmitted over multiple generations [6] , but because the somatic genome is physically altered and remains present during the next postzygotic development, the exposure does not go away before new offspring are produced. Noto and Mochizuki asked whether altered DNA elimination patterns alter the potential of the germ line genome to generate primary scan RNAs in subsequent generations, but found no evidence that the germ line transmits this information. Thus this inheritance mode in Tetrahymena is not strictly transgenerational.
Perhaps it was to be expected that transgenerational inheritance in Tetrahymena cells would not involve modification of the germ line genome. The parental somatic genome remains present within the developing zygotic cell and, through scanning, is able to epigenetically modify the pattern of programmed DNA elimination (Figure 1) . Such real-time modification of the epigenetic programming of an offspring's genome is not easily available to plants and animals as they produce autonomous gametes that form zygotes with physical separation from the parental soma. Thus the window of opportunity for the parental genome to influence inheritance patterns is much narrower for these multicellular organisms, perhaps limited to gametogenesis.
Despite the biological differences between ciliate and animal development, this study by Noto and Mochizuki reveals the vast potential of RNAs to communicate existing genomic programming to future generations through selective turnover of effector RNAs. The inability of Tetrahymena to transmit epigenetic programming through the germ line genome likely reflects the fact that the somatic genome is still accessible for scanning even after zygote formation. The relative contributions of mechanisms acting in the parental genome and the germ line in any organism is likely to reflect the time available for the parents to offer guidance to the offspring.
